which were referred to as W1, W2, W3, and W4, respectively. The brands of black-sesame pastes included Cuizi , Zhengdao , and self-making sesame paste of the supermarket Dennis, which were referred to as B1, B2, and B3, respectively. All these samples were bought in the supermarket in Zhengzhou, China. One white-sesame paste sample were bought in Chenzhai farmers market, Zhengzhou, China, and the black-sesame paste A Yimeng couple was bought from Taobao in the internet, which were referred to as W5, and B4, respectively. The samples were kept at 4 and analysed during the shelf-life period.
Physicochemical characterization
The determination method of proximate composition was in accord with Hou 13 . Briefly, the proximate composition crude fat, protein, moisture, and total ash contents and the acid value were measured according to the methods of the Association of Official Analytical Chemists 14 .
The determination of crude fibre and total sugar contents were performed according to Van Soest et al. 15 and
Dubois et al. 16 , respectively.
Rheological properties
A Haake Rheostress60 rheometer equipped with a P35/ Ti rotor and a TMP plate diameter of 40 mm was used to measure the rheological properties of the sesame pastes. A measurement distance of 1 mm was used for all rheological measurements.
The sesame paste samples were homogeneously mixed and placed on plates after calibration of the rheometer. The rotor was pressed down to scrape off excess sample. The rheological measurements were performed at 25 .
Measurement of fluidity: The shear rate was increased gradually from 0.1 s 1 to 200 s 1 to investigate the changes in the apparent viscosity and stress; a power law model was used to fit the data as follows:
Where η is the apparent viscocity, Pa s; γ is the shear rate, s 1 ;
k is the consistency coefficient, Pa s n , and n is the flow index. Measurement of thixotropy: The shear rate was increased from 0.1 s 1 to 100 s 1 in 120 s, kept at 100 s 1 for 1 min, and then decreased from 100 s 1 to 0.1 s 1 in 120s
to obtain the hysteresis loop, and the hysteresis loop area was calculate using Rheowin Pro software Haake . Dynamic viscoelasticity: Within the viscoelastic range of the samples, the scan strain was 0.02 and the scan frequency was 0.1 Hz 10 Hz to record the variation patterns of the storage modulus and loss modulus with frequency.
Sensory evaluation
The sensory evaluation was determined by ten untrained panelists recruited from the graduate students and the staff. The sensory evaluation scoring standard for sesame paste was shown in Table 1 . Statistical analysis was carried out using Microsoft Office Excel 2003, the confidence interval was set at 95 .
Data analysis
The HAAKE Rheowin Data Manager 4.63.000 was used to analyse all data collected in the rheological measurements; Origin 8.0, SPSS 16.0 and Excel 2003 were used to analyse the composition and sensory evaluation data. All measurements were performed in duplicate.
RESULTS AND DISCUSSION

Proximate composition and acid values
The commercial sesame pastes were chosen according to our previous study 12 to represent the most wide range of products as possible. Significant differences were observed between the sesame pastes p 0.05 Table 2 , and there existed the high coefficient of variation of 5.78 -57.05 for the analyzed parameters data not shown . The fat In general terms, our results were similar to those reported for the sesame paste 17, 18 , the sesame produced in Syrian 19 , white Sudan sesame seed S. indicum L. 20 and the sesame seed in Cameroon 21 , while Jin et al. 22 reported the lower oil content and higher protein contents for Korean sesame cultivars. In China, the sesame seeds for production sesame pastes are from home and abroad including Sudan, Nigeria, Ethiopia, Myanmar and so on. The various source of sesame seeds may contribute to the discrepancy.
Rheological properties of different commercial sesame pastes 3.2.1 Flow behaviour
Nine commercial sesame paste products were measured for rheological properties at 25 . The flow curves showed the shear stress increased non-linearly with increasing shear rates for all samples Fig. 1 , indicating the sesame pastes behaved as non-Newtonian fluid.
It can be seen in Fig. 2 that for shear rates of 0.1 s 1 200 s 1 , there was shear thinning for all sesame paste samples, i.e., the apparent viscosity decreases with increasing shear rate, but when the shear rate was greater than 50 s 1 , the apparent viscosities of the sesame paste samples showed the plateau of stability. The measured data fitted well into the power law model with R 2 values greater than 0.9648, and the fitting results were shown in Table 3 . It can 7 reported that the consistency index of 108 for sesame paste/ date syrup blends, and the consistency indexes increased to 201.4-240 Pa s n after incorporating the starch, or xanthan, or guar gum into the blends as the fat replacer. In China, the sesame pastes are produced using the various equipment and techniques. The sesame seeds roasting temperature ranged from 130 to 170 . And the common equipment used includes the stone mill and colloid mill, and the fluid high energy medium mill is put into use in small scale. The diversity may lead to the different particle sizes and account for discrepancy in the flow behavior index and the consistency indexes between the different commercial brands. Many researchers reported the rheological properties of the various food samples 23 26 . And the reported consistency index k and flow behaviour index n at 25 for commercial lactic beverages were 0. 
Thixotropy
Thixotropy is the ability of a food system to return to its original structure after it is subjected to external forces, and thixotropy test is desired for the development of texture for edible applications. On the premise of not damaging the structure of samples, the shear stress reaches its maximum with increasing shear rates, and the process is recovered after decreasing the shear rate, thus forming a closed hysteresis loop. The area of the hysteresis loop represents the energy required for a sample to eliminate the effect of time on flow behaviour 31 .
It can be seen from Fig. 3 that except for W5, the other sesame butter samples all exhibit the thixotropy behaviour, and the areas of hysteresis loops were calculated, as shown in Table 4 .
It can be seen from Table 4 that the areas of the hysteresis loops of the sesame paste W2 and B4 were higher than those of the other sesame pastes, indicating that it was difficult for these two samples to be restored to their original structures and that such restoration requires a longer time. The area of the hysteresis loop of the white sesame paste W5 was 0 Pa/s, indicating that this samples has no thixotropy. The pseudoplastic and thixotropic behaviour have the impact on the spreadability of sesame paste 3 , and thus the results may provide the valuable reference for choosing the sesame pastes as the spreadable butters. Fig. 3 Thixotropy measurements of the nine sesame paste brands at 25 .
Dynamic viscoelasticity
Storage modulus G and loss modulus G are important parameters for the evaluation of food raw materials and products quality as well as for the prediction of processing performance. If G ≥ G , the samples will exhibit characteristics of gels and behave as the viscoelastic solids, and if G ≤ G , the samples will exhibit characteristics of fluids and behave1 as the elastic liquids 32 . In a frequency sweep, characteristics of the high frequency area can represent the short-term properties of the samples, while characteristics of the low frequency area can reflect the long-term properties of samples storage stability .
Our preliminary experiments showed that Linear viscoelastic region LVR was observed for the sesame pastes at strain of 0.001 0.02 , and a strain of 0.02 was selected for further frequency sweep. Figure 4 shows the frequency sweep chart of the 9 sesame paste products. Both G and G of the sesame pastes increased with increasing frequency, and G values were greater than the G values, exhibiting the typical properties of the viscoelastic solid, which agrees with previous reports 1 .
The sesame paste samples having fine particles tend to show the viscous characters, rather than the elastic characters, and those having coarse particles have the higher G values and the stronger particle-particle interactions 1 .
The G and G values of the 9 sesame paste products were all different, and B4 had the greatest G and G values, while those for W2 were the smallest. Thus it can be referred that all the tested sesame pastes may have the coarse particles, and the variance in the particle size may contribute to the difference.
Sensory evaluation
The sensory evaluation was performed for the nine commercial sesame butters, and the results were shown in Table 5 .
It can be seen that there existed the difference in color and lustre, smell, taste and texture between the different brands, but not significant p 0.05 . Sample W1 was brownish yellow, had characteristic aroma of sesame paste, proper viscosity, and received the highest total score, followed by B2. Akbulut et al. 4 found that sesame paste/pine honey blends obtained the highest overall acceptance when pine honey level was 9 , and there were the significantly positive correlations between spreadibility, mouth coating and overall acceptability. The sensory characterics of the sesame pastes was influenced by many factors, such as grinding and roasting. It was reported that comparing with that from steamed or microwaved, sesame paste made from roasted sesame was accepatable 33 , the flavor of the products was dependent on the roasting condition 34 .
3.4 Relationship / Correlation between the different evalution parameters Pearson s correlation analysis was performed, and the results were shown in Table 6 .
Significant positive relationship was observed between protein content and sugar content, and between moisture content and acid values. And there existed the significant negative relationship between the ash content and the area of hysteresis loops. Altay & Ak 6 reported that the tahin oil behaved like a Newtonian liquid, but incorporating up to 30 solid particles presented a significant increase in viscosity and a shift to pseudoplastic property. There was a significantly negative correlation between the fat content Lindner & Kinsella 36 found the apparent viscosity of the sesame paste was 3.75, reached the high value when the water content was 6 , and the viscosity decreased when the water content exceeded 40 . The mechanism behind the relationship between the flow behaviour parameters and the components such as the moisture and ash content needs to be further elucidate.
Conclusions
The commercial sesame pastes presented physicochemical characteristics crude fat, protein, crude fibre, total sugars, total ash, moisture content, and acid values with significant differences p 0.05 , indicating heterogeneity of brands found in the Chinese market. All tested sesame pastes exhibited pseudoplastic behaviour. There existed significant defference between the consistency coefficients of the different sesame paste brands. The white-sesame paste of Haoweisi brand and the black-sesame paste of A Yimeng couple brand had the larger areas of the hysteresis loops than the other sesame pastes, indicating that these two samples were difficult to be restored to their original structures and such restoration required a longer time. All the tested sesame pastes behaved in the same way as gel-like structured materials in which storage modulus G was greater than loss modulus G . Sample W1 is brownish yellow, had characteristic aroma of sesame paste, proper viscosity, and received the highest total score. The physicochemical, rheological and sensory properties of the different brands of sesame paste might be valuable for product improvement, processing and transportation in the food industry. Table 6 Pearson s coefficients of correlation between the composition, flow behavior parameters and texture of the sesame paste. 
